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ELECTRODE SYSTEM AND METHOD FOR
CALCULATING CHARACTER VALUES OF
SOLUTION USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation Nos. 10-2011-0105514 and 10-2012-0053490, filed
on Oct. 14, 2011 and May 21, 2012, respectively, in the
Korean Intellectual Property Office, the disclosures of which
are incorporated herein by reference.

BACKGROUND

1. Field

Embodiments of the present disclosure relate to an elec-
trode system. More specifically, embodiments of the present
disclosure relate to an electrode system using a porous plati-
num electrode and a method for calculating pH, oxidation-
reduction potential or the like of a solution using the same.

2. Description of the Related Art

An oxidation-reduction potential (ORP) sensor used in the
related art is optimized for measurement of oxidation-reduc-
tion potentials of ions in a solution.

Accordingly, there is a problem in that it is difficult to
obtain stable values in measurement of an oxidation-reduc-
tion potential of a gas dissolved in a solution, for example, a
reducing gas such as hydrogen gas or oxidizing gas such as
oxygen gas.

The reason for this is that a bonding force between a plati-
num electrode and a gas dissolved in a solution is lower than
a bonding force between the platinum electrode and ions
present in the solution.

Further, during actual measurement, when vibration is
applied to electrodes or agitation such as stirring is applied to
the solution to be measured by surroundings or other factors,
it is more difficult to obtain accurate values.

Also, since the measured values depend on the surface of a
platinum electrode due to low bonding force, a great deviation
01200 to 300 mV in measured value between sensors disad-
vantageously occurs or a great deviation occurs in spite of
using the same sensor according to use history.

SUMMARY

Therefore, it is one aspect of the present disclosure to
provide an electrode system capable of more accurately mea-
suring properties of solutions using a porous platinum elec-
trode.

Also, it is another aspect to provide an electrode system
capable of detaching hydrogen atoms bonded to a platinum
electrode, in order to prevent deterioration in the platinum
electrode caused by bonding between the platinum electrode
and the hydrogen atoms.

Additional aspects will be set forth in part in the description
which follows and, in part, will be obvious from the descrip-
tion, or may be learned by practice of the invention.

In accordance with one aspect, provided is an electrode
system including: a low porosity platinum electrode in which
platinum is deposited in a porous form on the surface of an
electrode; and a high porosity platinum electrode having a
higher roughness factor than the low porosity platinum elec-
trode.

The low porosity platinum electrode may have a roughness
factor of about 1 to about 50 and the high porosity platinum
electrode may have a roughness factor of about 50 to about
400.
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The electrode system may further include an additional
reference electrode.

The reference electrode may be made of gold or silver.

The low porosity platinum electrode and the high porosity
platinum electrode may be working electrodes with respect to
the reference electrode and the low porosity platinum elec-
trode may be an oxidation-reduction potential (ORP) mea-
surement electrode and the high porosity platinum electrode
may be a pH measurement electrode.

The low porosity platinum electrode may be a working
electrode that measures an oxidation-reduction potential of a
solution using the high porosity platinum electrode as a ref-
erence electrode.

The oxidation-reduction potential calculated by the low
porosity platinum electrode using the high porosity platinum
electrode as a reference electrode may be an oxidation-reduc-
tion potential based on a dissolved gas present in the solution.

The solution may be reducing water in which hydrogen gas
is dissolved and the dissolved gas may contain a hydrogen
gas.

In accordance with another aspect, provided is a method
for calculating a character value of a solution using an elec-
trode system including a high porosity platinum electrode and
a low porosity platinum electrode, including: calculating an
oxidation-reduction potential of a solution from the low
porosity platinum electrode using the high porosity platinum
electrode as a reference electrode; and calculating a concen-
tration of dissolved gas in the solution from the calculated
oxidation-reduction potential of the solution.

The low porosity platinum electrode may have a roughness
factor of about 1 to about 50 and the high porosity platinum
electrode may have a roughness factor of about 50 to about
400.

The oxidation-reduction potential calculated by the low
porosity platinum electrode using the high porosity platinum
electrode as a reference electrode may be an oxidation-reduc-
tion potential based on a dissolved gas present in the solution.

The electrode system may further include an additional
reference electrode.

The reference electrode may be made of gold or silver.

The oxidation-reduction potential of the solution may be
calculated using the low porosity platinum electrode as the
working electrode with respect to the additional reference
electrode, and pH may be calculated using the high porosity
platinum electrode as the working electrode with respect to
the additional reference electrode.

The solution may be reducing water in which hydrogen gas
is dissolved and the dissolved gas may contain a hydrogen
gas.

The character value of the solution may include pH and
oxidation-reduction potential of the solution, and concentra-
tion of dissolved gas in the solution.

In accordance with another aspect, provided is an electrode
system including: an electrode unit including a reference
electrode and a platinum working electrode; a power unit to
apply a voltage to the electrode unit; a readout device to
calculate a character value of a solution through an output
value of the electrode unit; a relay to electrically connect the
electrode unit to the power unit or the readout device; and a
control unit to control the relay such that the electrode unit is
electrically connected to the power unit, based on the output
value of the readout device.

The control unit may control the relay such that the elec-
trode unit is electrically connected to the power unit, when the
output value of the readout device exceeds a predetermined
reference value.
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The control unit may control the relay such that the elec-
trode unit is electrically connected to the power unit at a
predetermined interval.

The power unit may apply a positive voltage to the plati-
num working electrode when the power unit is electrically
connected to the electrode unit.

The power unit may apply a voltage of about OV to about
2V to the platinum working electrode.

The platinum working electrode may include a low poros-
ity platinum electrode and a high porosity platinum electrode.

According to one aspect, it is possible to more accurately
measure an oxidation-reduction potential of a dissolved
hydrogen gas in reducing water and calculate the concentra-
tion of the dissolved hydrogen gas.

Also, it is possible to prevent deterioration in performance
of the platinum electrode caused by bonding the platinum
electrode and hydrogen atoms that may occur when
immersed in reducing water for a long period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 is a view illustrating an electrode system according
to one embodiment;

FIG. 2 is a view illustrating the surface of a porous plati-
num electrode;

FIG. 3 is a concept view illustrating a reaction state of
reactant substances in the porous platinum electrode accord-
ing to one embodiment;

FIG. 4 is a graph showing measured values of oxidation-
reduction potential of the porous platinum electrode accord-
ing to one embodiment;

FIG. 5 is a block diagram illustrating a configuration to
calculate character values of a solution in an electrode system
according to one embodiment;

FIGS. 6A and 6B are views illustrating reaction on the
surface of the platinum electrode according to surface poten-
tials of the platinum electrode;

FIG. 7 is a view illustrating a configuration of an electrode
system to recycle the platinum electrode according to one
embodiment; and

FIGS. 8 to 11 are graphs showing variation in oxidation-
reduction potential of platinum electrode as a function of
time.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will be
described with reference to the accompanying drawings.

FIG. 1 is a view illustrating an electrode system according
to one embodiment. The electrode system according to one
embodiment includes a reference electrode 1 and two work-
ing electrodes.

The electrode system according to one embodiment is used
to measure pH or oxidation-reduction potential of a solution.
More specifically, the electrode system may be used for cal-
culation of a pH or an oxidation-reduction potential of reduc-
ing water or a dissolved hydrogen gas concentration of reduc-
ing water. Further, the electrode system may be used for
calculation of concentrations of various gases dissolved in the
solution to be measured.

The reference electrode 1 may be gold (Au) or silver (Ag)
and is preferably formed using gold that does not substan-
tially exhibit reactivity in the solution to be measured. The
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reference electrode 1 serves as a basis of potential calculation
of the two working electrodes.

The two working electrodes are porous platinum elec-
trodes formed by depositing platinum in a porous form on the
surface of general bulk platinum or other metal.

The porous platinum may be deposited using electropoly-
merization. The porous platinum electrode thus obtained
exhibits a great increase in overall surface area according to
the processed thickness. The surface area of the porous plati-
num electrode represented by roughness factor (Rf) increases
to 400 times, assuming that Rf of general platinum is 1.

FIG. 2 is a view illustrating the surface of a porous plati-
num electrode. FI1G. 3 is a concept view illustrating a reaction
state of a subject to be measured in the porous platinum
electrode according to one embodiment.

For more accurate observation, when the surface state of
porous platinum is observed by transmission electron micros-
copy (TEM), the size of platinum grain is about 3 nm and the
gap between grains has a size of about 1 to about 2 nm.

The two porous platinum electrodes may have different
porosities. One is a porous platinum electrode having Rf of 1
to 50 (hereinafter, referred to as a low porosity platinum
electrode), which may be a porous platinum electrode having
a low deposition degree of porous platinum or a general
platinum electrode.

The other platinum electrode is a porous platinum elec-
trode that has Rf of 50 to 400 (hereinafter, referred to as a
“high porous platinum electrode”).

Inacasein which there occurs variation in concentration of
a substance in need of measurement, for example, ions such
as hydrogen ions or molecules such as dissolved hydrogen
gas, contained in a solution to be measured, the general plati-
num electrode or the low porosity platinum electrode 2 yields
measurement results to which the variation is applied, while
the high porosity platinum electrode 3 does not yield mea-
surement results to which the variation is applied.

For example, in an electrical-reduction water production
device, dissolved hydrogen gas evaporates from reducing
water stored in a water tank and, as a result, the concentration
ot hydrogen gas decreases.

The oxidation-reduction potential value measured from the
general platinum electrode or low porous platinum electrode
2 increases in proportion to a decreased concentration of
hydrogen gas, while the oxidation-reduction potential value
measured from the high porosity platinum electrode 3 has a
constant oxidation-reduction potential, regardless of concen-
tration variation in hydrogen gas (see FI1G. 4).

FIG. 4 is a graph showing a result of a measured value of
oxidation-reduction potential of the porous platinum elec-
trode according to one embodiment. FIG. 4 shows a measured
value of an oxidation-reduction potential of a low porosity
platinum electrode 2 and a measured value of an oxidation-
reduction potential of a high porosity platinum electrode 3 in
reducing water at pH 9.9. The graph of oxidation-reduction
potential of the high porosity platinum electrode 3 exhibits a
constant oxidation-reduction potential, regardless of evapo-
ration of dissolved hydrogen gas as time goes by, while the
graph of oxidation-reduction potential of the low porosity
platinum electrode 2 exhibits an increase in oxidation-reduc-
tion potential, to which a decrease in dissolved hydrogen gas
concentration caused by evaporation of dissolved hydrogen
gas is applied. The high porosity platinum electrode 3 has a
gap between grains of 5 nm or less. When a molecule such as
hydrogen gas is introduced into the gap, the hydrogen gas
passes through the gap and, at the same time, is scattered, and
then reacts with grains surrounding the gap several times.
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Such a multiple reaction exhibits the same effects as in the
case in which a plurality of particles are introduced, in spite of
using one particle.

As can be seen from FIG. 3, reaction molecules introduced
into the gap of the high porosity platinum electrode 3 occur
multiple reactions while moving along the gap, while, in a
general platinum electrode, one molecule undergoes only one
reaction. Accordingly, although the concentration of dis-
solved hydrogen gas decreases due to evaporation of hydro-
gen gas from reducing water of the water tank, a measured
value of an oxidation-reduction potential of the high porosity
platinum electrode 3 has an approximate maximum value,
regardless of the concentration variation of dissolved hydro-
gen gas, as long as the concentration of dissolved hydrogen
gas do not decrease to a predetermined level.

However, since ions such as hydrogen ions move along the
surface of platinum through surface diffusion, they do not
react with grains surrounding the gaps like molecules such as
hydrogen gas several times and move along one grain surface
through surface diffusion, although they are introduced into
the gap between grains of the high porosity platinum elec-
trode 3 (see FIG. 3).

Accordingly, all of the general platinum electrode, the low
porosity platinum electrode 2, and the high porosity platinum
electrode 3 yield measured values of oxidation-reduction
potential to which concentration variation of hydrogen ions is
applied.

Thus, the low porosity platinum electrode 2 of the elec-
trode system according to one embodiment of the present
invention may be used as an electrode for measuring an oxi-
dation-reduction potential of a solution to be measured.

The oxidation-reduction potential is a sum of oxidation-
reduction potentials that oxidizing/reducing substances affect
electrodes and should reflect the effects of both hydrogen ions
and dissolved hydrogen gas, for example, when the hydrogen
ions and dissolved hydrogen gas are present as oxidizing/
reducing substances in a solution to be measured.

Accordingly, as described above, when variation in con-
centration of dissolved hydrogen gas occurs, the low porosity
platinum electrode 2 that can yield measurement results
reflecting the variation is used as an oxidation-reduction
potential measurement electrode.

Meanwhile, the high porosity platinum electrode 3 is used
as a pH measurement electrode of a solution to be measured
since it is not affected by variation in concentration of the
dissolved hydrogen gas and is affected only by hydrogen ion
concentration. The electrode system according to one
embodiment of the present invention enables oxidation-re-
duction potential and pH of a solution to be measured.

The oxidation-reduction potential of highly active reduc-
ing water includes a reducing force of the dissolved hydrogen
gas as well as an oxidizing force of hydrogen ions. For this
reason, in order to accurately evaluate the reducing force of
dissolved hydrogen gas of reducing water, the effect of the
oxidizing force of hydrogen ions should be excluded.

The electrode system according to one embodiment of the
present invention can accurately calculate an oxidation-re-
duction potential of dissolved gas present in the solution to be
measured using two porous platinum electrodes having dif-
ferent porosities, that is, the low porosity platinum electrode
2 and the high porosity platinum electrode 3 and concentra-
tion of dissolved gas using the same. The high porosity plati-
num electrode 3 and the low porosity platinum electrode 2
have the same reactivity to ions, for example, hydrogen ions
of'a solution to be measured. That is, they calculate measured
values of oxidation-reduction potentials to which variation in
concentration of hydrogen ions is applied.
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The high porosity platinum electrode 3 exhibits a constant
measured value of an oxidation-reduction potential, regard-
less of variation in concentration of dissolved hydrogen gas,
while the low porosity platinum electrode 2 exhibits a mea-
sured value of an oxidation-reduction potential, to which a
concentration variation of dissolved hydrogen gas is applied
(see FIG. 4).

Accordingly, when a measured value of an oxidation-re-
duction potential is calculated using the high porosity plati-
num electrode 3 as a reference electrode and the low porosity
platinum electrodes 2 as working electrodes, the high poros-
ity platinum electrode 3 and the low porosity platinum elec-
trode 2 calculate measured values of an oxidation-reduction
potential to which concentration variation of hydrogen ions is
applied, thus obtaining measured values of an oxidation-
reduction potential in which the effect of hydrogen ions of the
solution to be measured is offset and only the effect of dis-
solved hydrogen gas is reflected.

In highly active reducing water, it is important to measure
the reducing force of dissolved hydrogen gas dissolved in
reducing water. In this regard, the electrode system according
to one embodiment can calculate measured values of an oxi-
dation-reduction potential in which only the effect of dis-
solved hydrogen gas of reducing water is reflected, thus more
accurately measuring the reducing force of dissolved hydro-
gen gas as well as the concentration of dissolved hydrogen
gas in reducing water, based on the oxidation-reduction
potential of dissolved hydrogen gas.

FIG. 5 is a block diagram illustrating a configuration to
calculate character values of a solution in an electrode system
according to one embodiment.

The solution character value calculation unit 4 calculates
information exhibiting properties such as oxidation-reduc-
tion potential and pH of solutions through potentials of the
high porosity platinum electrode 3 and the low porosity plati-
num electrode 2. The solution character value calculation unit
4 may be a readout device.

The solution character value calculation unit 4 calculates
an oxidation-reduction potential of a solution through the
potential value of the low porosity platinum electrode 2 to the
reference electrode 1. The oxidation-reduction potential of
the solution thus calculated exhibits an oxidation-reduction
potential to which effects of both ions and dissolved gases
present in the solution are applied. The oxidation-reduction
potential is a sum of oxidation-reduction potentials that oxi-
dizing/reducing substances and should reflect the effects of
both hydrogen ions and dissolved hydrogen gas, for example,
when the hydrogen ions and dissolved hydrogen gas are
present as oxidizing/reducing substances in a solution to be
measured. Accordingly, as described above, when variation
in concentration of dissolved hydrogen gas occurs, the low
porosity platinum electrode 2 that can yield measurement
results to which the variation is applied is used as an oxida-
tion-reduction potential measurement electrode.

The solution character value calculation unit 4 calculates
pH of a solution based on the potential value of the high
porosity platinum electrode 3 to the reference electrode 1. As
described above, the high porosity platinum electrode 3 is
used as a pH measurement electrode of a solution to be
measured, since it is not affected by variation in concentration
of dissolved hydrogen gas and is affected by only concentra-
tion of hydrogen ions.

The solution character value calculation unit 4 calculates
measured values of an oxidation-reduction potential through
the potential value of the low porosity platinum electrode 2 to
the high porosity platinum electrode 3 using the high porosity
platinum electrode 3 as a reference electrode and the low
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porosity platinum electrodes 2 as working electrodes. As a
result, the oxidation-reduction potential in which only the
effect of dissolved hydrogen gas is reflected is obtained, since
the effect of hydrogen ions of the solution to be measured is
offset.

Also, the solution character value calculation unit 4 calcu-
lates concentration of dissolved gas in a solution through the
calculated oxidation-reduction potential of the solution.

In highly active reducing water, it is important to measure
the reducing force of hydrogen gas dissolved in reducing
water. In this regard, an oxidation-reduction potential in
which only the effect of dissolved hydrogen gas of reducing
water is reflected, is calculated through the potential value of
the low porosity platinum electrode 2 calculated using the
high porosity platinum electrode 3 as a reference electrode,
thereby more accurately measuring the reducing force of
dissolved hydrogen gas as well as the concentration of dis-
solved hydrogen gas in reducing water, based on the oxida-
tion-reduction potential.

FIGS. 6A and 6B are views illustrating reactions on the
surface of a platinum electrode according to surface potential
of the platinum electrode.

When an oxidation-reduction potential of the platinum
electrode including a low porosity platinum electrode 2 and a
high porosity platinum electrode 3 according to one embodi-
ment is measured while immersing the platinum electrode in
highly active reducing water containing a great amount of
dissolved hydrogen gases for a long period of time, dissolved
hydrogen gases and hydrogen atoms in water molecules con-
tinuously react with platinum. When this reaction occurs for
a long period of time, hydrogen atoms are accumulated in
platinum and reactivity of hydrogen gas to platinum thus
decreases.

Referring to FIG. 6 A, when the surface potential of the
platinum electrode is a positive value (q,>0), a dipole
moment (i, of the platinum electrode surface directs
toward a surface direction of the platinum electrode.

In this case, the surface of the platinum electrode contacts
oxygen molecules of water molecules and reaction between
platinum and hydrogen atoms does not occur.

Referring to FIG. 6B, when the surface potential of the
platinum electrode is a negative value (q,,<0), a dipole
moment (i, of the platinum electrode surface directs
toward an opposite direction to a surface direction of the
platinum electrode.

In this case, the surface of the platinum electrode contacts
hydrogen atoms of water molecules and dissolved hydrogen
gas. As time passes in this state, hydrogen atoms of water
molecules sand dissolved hydrogen gas react with electrons
present on the platinum surface, hydrogen atoms are pro-
duced even at a voltage or less at which electrolysis actually
occurs, which are adsorbed on the platinum surface.

Such a hydrogen atom is referred to as underpotential
deposition hydrogen, represented by “H,, /.

In highly active reducing water, the potential of platinum
electrode surface is about —-600 mV to about -500 mV, with
respect to the reference electrode 1 and the surface charge of
the platinum electrode thus maintains a negative value. Under
this condition, the electrode is immersed for a long period of
time, H,,, adsorbed on the platinum surface increases and
performance of electrode is thus deteriorated. Accordingly,
the embodiment of the present invention provides an elec-
trode system that returns the platinum electrode on which
hydrogen atoms are adsorbed while being exposed in a state
of FIG. 6B for a long period of time to the state of FIG. 6A.
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FIG. 7 is a view illustrating a configuration of an electrode
system to recycle the platinum electrode according to one
embodiment.

The electrode system includes an electrode unit including
a reference electrode 1, a low porosity platinum electrode 2
and a high porosity platinum electrode 3, a relay 5 to selec-
tively connect the electrode unit to a power unit or a readout
device 7, the power unit 6 to supply power to the electrode
unit, a readout device 7 to calculate an oxidation-reduction
potential or pH of a solution according to a measured value of
the electrode unit, and a control unit 8 to control driving of the
relay 5 based on the calculated result of the readout device 7.

Under general conditions in which the electrode unit mea-
sures properties of solutions, the relay 5 electrically connects
the electrode unit to the readout device 7.

In this case, as described above, since the low porosity
platinum electrode 2 is used as an oxidation-reduction poten-
tial measurement electrode that measures an oxidation-reduc-
tion potential ofa solution, an output value of the low porosity
platinum electrode 2 means an oxidation-reduction potential
of a solution.

Also, both the high porosity platinum electrode 3 and the
low porosity platinum electrode 2 calculate a measured value
of an oxidation-reduction potential reflecting concentration
variation of hydrogen ions. Accordingly, the oxidation-reduc-
tion potential measured using the high porosity platinum
electrode 3 as a reference electrode and the low porosity
platinum electrode 2 as a working electrode means an oxida-
tion-reduction potential in which only the effect of dissolved
hydrogen gas is reflected.

Also, as described above, the output value of the high
porosity platinum electrode 3 means pH of' the solution, since
it is not affected by variation in concentration of the dissolved
hydrogen gas in the solution to be measured and is affected
only by the concentration of hydrogen ions.

When hydrogen atoms are adsorbed on the platinum sur-
face and, as a result, measurement performance of the plati-
num electrode is deteriorated, after the electrode unit is
immersed in the solution to be measured for a long period of
time, the control unit 8 controls the relay 5 so that the elec-
trode unit is electrically connected to the power unit 6.

When the electrode unit is electrically connected to the
power unit 6, a positive potential is applied to the platinum
electrode, with respect to the reference electrode 1.

When the positive potential is applied from the outside to
the platinum electrode, the surface potential of platinum elec-
trode is a positive value (q,,>0), hydrogen atoms adsorbed on
the platinum surface are detached from the platinum surface.

When hydrogen atoms are detached, the measurement per-
formance of the platinum electrode is recovered and the prob-
lem of performance deterioration is thus solved. Hereinafter,
aprocess in which hydrogen atoms adsorbed on the platinum
electrode are detached by applying a positive voltage to the
platinum electrode to recover measurement performance of
the platinum electrode will be referred to as an “oxidation
recycling”.

The voltage applied for oxidation recycling of the platinum
electrode may be a value of 0 to 2V with respect to the
reference electrode 1. Also, the time for which a voltage is
applied is preferably 1 to 30 minutes. However, the level of
voltage applied to the platinum electrode may be varied
depending on the oxidation-reduction potential of a subject in
need of measurement and a voltage application time may be
varied depending on surface area of platinum.

The control unit 8 monitors output of the readout device 7
and thereby determines a control time of the relay 5. That is,
the control unit 8 increases the potential of the platinum
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electrode, when hydrogen atoms are adsorbed on the surface
of the platinum electrode, and the control unit 8 controls the
relay 5 so that the platinum electrode is connected to the
power unit 6, when the potential of the platinum electrode
exceeds a predetermined reference value.

Alternatively, a predetermined time after the platinum
electrode is immersed in reducing water, the control unit 8
controls the relay 5 so that the platinum electrode is connected
to the power unit 6.

FIG. 8 is a graph showing an oxidation-reduction potential
of an initial platinum electrode and an oxidation-reduction
potential of a platinum electrode immersed in reducing water
for three days.

A thick line represents variation in initial oxidation-reduc-
tion potential of the platinum electrode and a thin line repre-
sents variation in oxidation-reduction potential of the plati-
num electrode immersed in reducing water for three days.

When the platinum electrode is immersed in reducing
water for several days, the surface potential of the platinum
electrode that has a negative value due to high reducing force
of the reducing water causes an increase in hydrogen atoms
adsorbed on platinum, thus causing a rapid increase in oxi-
dation-reduction potential value of the platinum electrode.
The increase in oxidation-reduction potential of initial plati-
num electrode over time is a natural result that reflects evapo-
ration of dissolved hydrogen gas.

FIG. 9 is a graph showing an oxidation-reduction potential
of'the platinum electrode oxidation-recycled after immersion
for one day and an oxidation-reduction potential of the plati-
num electrode immersed in reducing water for four days.

It can be seen that the variation (thin line) in oxidation-
reduction potential of the platinum electrode immersed for
four days is sharper than variation in oxidation-reduction
potential of the platinum electrode immersed for three days
shown in FIG. 8.

On the other hand, there is no great difference between
variation in oxidation-reduction potential of the platinum
electrode oxidation-recycled after immersion for one day
(thick line) and variation in oxidation-reduction potential of
the initial platinum electrode of FIG. 8.

FIG. 10 is a graph showing an oxidation-reduction poten-
tial of the platinum electrode oxidation-recycled after immer-
sion for two days and an oxidation-reduction potential of
platinum electrode immersed in reducing water for five days.

The variation (thin line) in oxidation-reduction potential of
the platinum electrode immersed for five days means a satu-
rated state in which hydrogen atoms are adsorbed on the
surface of the platinum electrode and the oxidation-reduction
potential value thus reaches about 0 mV.

On the other hand, there is no great difference between
variation in oxidation-reduction potential (thick line) of the
platinum electrode oxidation-recycled after immersion for
two days, variation in oxidation-reduction potential of the
initial platinum electrode of FIG. 8 and variation in oxidation-
reduction potential (thick line) of the platinum electrode oxi-
dation-recycled after immersion for one day.

FIG. 11 is a graph showing an oxidation-reduction poten-
tial of the platinum electrode oxidation-recycled after immer-
sion for five days shown in FIG. 10 and an oxidation-reduc-
tion potential of the platinum electrode oxidation-recycled
after immersion for three days.

As can be seen from FIG. 11, the oxidation-reduction
potential (thin line) of the platinum electrode oxidation-re-
cycled after immersion for five days, and oxidation-reduction
potential (thick line) of a repeatedly oxidation-recycled plati-
num electrode exhibit substantially equivalent variation
behaviors.
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That is, as can be seen from FIGS. 8 to 11, although the
platinum electrode has a deteriorated measurement perfor-
mance due to hydrogen atoms adsorbed thereon, the platinum
electrode may return to an initial state thereof via an oxidative
recycling process, in which a positive voltage is applied
thereto, and the platinum electrode maintains the surface state
and exhibits the initial measurement performance, although
repeatedly undergoing oxidative recycling.

Although a few embodiments have been shown and
described, it would be appreciated by those skilled in the art
that changes may be made in these embodiments without
departing from the principles and spirit of the invention, the
scope of which is defined in the claims and their equivalents.

What is claimed is:

1. An electrode system comprising:

a low porosity platinum working electrode in which plati-
num is deposited in a porous form on the surface of an
electrode;

a high porosity platinum electrode having a higher rough-
ness factor than the low porosity platinum electrode;

a reference electrode; and

a processor configured to calculate a pH of the solution
based on a measured potential value between the high
porosity platinum electrode, which acts as a working
electrode, and the reference electrode and configured to
calculate an oxidation-reduction potential of a solution
based on another measured potential value between the
low porosity platinum working electrode and the high
porosity platinum electrode, which acts as another ref-
erence electrode.

2. The electrode system according to claim 1, wherein the
low porosity platinum working electrode has a roughness
factor of about 1 to about 50 and the high porosity platinum
working electrode has a roughness factor of about 50 to about
400.

3. The electrode system according to claim 1, wherein the
reference electrode is made of gold or silver.

4. The electrode system according to claim 1, wherein the
low porosity platinum working electrode and the high poros-
ity platinum working electrode are working electrodes with
respect to the reference electrode and the low porosity plati-
num working electrode is an oxidation-reduction potential
(ORP) measurement electrode and the high porosity platinum
working electrode is a pH measurement electrode.

5. The electrode system according to claim 1, wherein the
low porosity platinum electrode is a working electrode that
measures an oxidation-reduction potential of a solution using
the high porosity platinum electrode as a reference electrode.

6. The electrode system according to claim 5, wherein the
oxidation-reduction potential calculated by the low porosity
platinum electrode using the high porosity platinum electrode
as a reference electrode is an oxidation-reduction potential
based on a dissolved gas present in the solution.

7. The electrode system according to claim 6, wherein the
solution is reducing water in which hydrogen gas is dissolved
and the dissolved gas comprises a hydrogen gas.

8. The electrode system according to claim 1, a control unit
to control a relay to apply a positive potential to one or more
of the low porosity platinum working electrode and the high
porosity platinum electrode relative to the reference electrode
to perform oxidation recycling of the one or more of the low
porosity platinum working electrode and the high porosity
platinum electrode.



